We observed norms of reaction for life history and floral traits in Raphanus sativus L. (wild radish: Brassicaceae) among genotypes raised in three planting densities. In the greenhouse, we used a nested breeding design to produce F1 seed representing 60 maternal plants and 15 pollen donors grown from field-collected seed. Eighteen hundred seeds were grown in three planting densities in an experimental garden. For each individual, we recorded survivorship, germination date, flowering date, petal area, ovule number, pollen production, and the mode of individual pollen grain volume! flower. Planting density had a strong effect on survivorship, but differential mortality among genotypes was not density-specific. Two-way ANOVAS (block and density as class variables) were conducted on each paternal sibship to detect significant differences among densities with respect to mean phenotype. Among the 15 paternal genotypes, 12 exhibited significantly faster germination in the high-density plots. Three paternal families exhibited significantly delayed flowering at highdensity. Two paternal families exhibited significant effects of density on petal area, but in opposite directions. Two paternal families had significantly lower ovule production at high-density. No paternal families exhibited significant effects of density on pollen production or pollen-grain volume. Strong differences among genotypes with respect to the effects of density on phenotype indicate genetic variation in the plastic response to density for these traits. Three-way ANOVAS of each density treatment measured the effects of block, paternal family and maternal family on phenotype; significant paternal effects indicated the presence of significant additive genetic variance (VA) in the measured trait. The ability to detect VA and maternal effects nested within paternal genotypes in most of these traits was density-specific.
Introduction
Knowledge of the relationship between genotype and phenotype in different environments is necessary for accurate predictions of the response to natural selection in species which occupy spatially-or temporallyheterogeneous environments. This knowledge is critical for several reasons. First, if the phenotypic expression by a genotype of fitness-related traits depends strongly on growing conditions (that is, given sufficient phenotypic plasticity) then measures of the heritability (h2) of fitness may also vary across growing conditions. Accurate predictions of the potential for natural selection to result in phenotypic change in traits related to individual fitness require dependable estimates of the heritability of such traits. So, if the relationship between phenotype and genotype is environmentally determined, then h2, and consequently the efficacy of natural selection, may also be environmentspecific. In addition, the presence of additive genetic variation ( VA) in phenotypic plasticity itself implies that plasticity is a trait open to natural selection, a possibility largely unexplored in wild species (but see Westerman & Lawrence, 1970 Fig. 1 Types of genotype X environment interaction. The relationship between genotype and phenotype may change across environments in two major ways that are not mutually exclusive. First, the magnitude of inter-genotypic variation may change; secondly, the relative phenotypic rank of different genotypes may change across environments. The columns below the illustration indicate four comparisons between pairs of genotypes, and the type of genotype X environment interaction that they demonstrate.
natural selection may change as well (Fig. 1 ). For example, given a trait that is consistently, strongly, and positively correlated with individual fitness, if the phenotypic ranks of two genotypes change across environments (compare A versus C, D, or E in Fig. 1 ), then the genotype favoured by natural selection will also differ between environments. In contrast, if the ranks remain consistent (e.g. compare A versus B, or B versus D), but the magnitude of inter-genotypic differences in phenotype increases significantly across environments, then the estimate of heritability and the predicted phenotypic response to selection will increase (given constant phenotypic variance, V) while the genotype favoured by selection remains unchanged.
If both the phenotypic ranks and the degree of expressed VA vary across environments, then both the rate of phenotypic evolution and the particular genotypes favoured in each environment may vary as well.
Secondly, since phenotypic variance due to a G X E interaction figures prominently in the denominator of the ratio that defines heritability (VA/[ VG + VE + VGE}), this source of variance may preclude consistent measures of heritability for traits exhibiting high phenotypic plasticity in spatially or temporally-heterogeneous environments. In such environments, heritability estimates will depend strongly on where, when, and among which genotypes this parameter is measured.
Thirdly, if the relationship between genotype and phenotype varies across environments in a deterministic manner that results in predictable changes in heritability with growing conditions, then it may be possible to identify the conditions under which phenotypic differences among genotypes are most likely to be expressed. If so, then it may be possible to predict the conditions in nature under which evolutionary change by natural or artificial selection may most rapidly occur.
Fourthly, many theoretical models make assumptions about the constancy of parameters such as the heritability of fitness and genetic correlations among fitness components. For example, models of the phenotypic evolution of quantitative characters under multivariate natural-selection assume that genetic and phenotypic covariance matrices remain relatively constant between generations (Lande, 1976 (Lande, , 1979 (Lande, , 1980 see Turelli, 1988 for further discussion). The application of such models to populations in natural habitats requires that the expressed heritabilities of fitnessrelated traits remain constant in spatially and temporally heterogeneous environments. Studies of the nature and strength of G x E interactions enable evolutionists to evaluate whether these assumptions apply generally to wild species in nature.
Finally, one proposed mechanism for maintaining additive genetic-variance within populations requires the presence of a strong G XE interaction (Via & Lande, 1987) . If the relative phenotypic rank of genotypes with respect to individual fitness changes across environments, significant VA may be maintained even in the presence of strong selection and a high heritability of fitness expressed in each environment. Under conditions of frequent shifts in the ranks of different genotypes in distinct microhabitats, different genotypes would be favoured by natural selection in different environments, thus maintaining an array of genotypes in a heterogeneous environment. This paper is the first in a series that will examine sources of variation in phenotype and genetic parameter estimates for life history, floral characters and reproductive success in Raphanus sativus (wild radish: Brassicaceae). In a second paper (S. J. Mazer & C. T. Schick, in review), we measured the effects of planting density of mean phenotype, heritability estimates and the variance components that comprise heritability.
The observed changes in mean phenotype and in heritability with density found in that study may have been due to two non-mutually exclusive processes. First, direct environmental modification of phenotypes (phenotypic plasticity) could have resulted in changes in the mean phenotype of each genotype across densities. This plasticity could also have contributed to variation in estimates of heritability. Secondly, selection via mortality (removing some phenotypes and genotypes from the data set) could have altered V0 and other variance components in a non-random way. In this paper we provide evidence that phenotypic plasticity is more important than viability selection in generating changes in mean phenotype and heritabilty estimates across densities. We present the norms of reaction of individual genotypes and we examine the nature of G XE interactions in order to describe how phenotypic plasticity altered the relationship between genotype and phenotype in different density treatments. Future papers will focus on: (i) the effects of statistical method, breeding program, and changing environments between generations on heritability estimates; (ii) the degree to which heritability estimates derived from the response to selection are consistent with those derived from the analysis of variance; and (iii) the relationship between phenotypic plasticity and mean fitness across environments.
Study organism
Raphanus sativus L. (wild radish: Brassicaceae) is an annual, weedy crucifer that occurs in feral populations of disturbed habitats throughout North America, Europe and the Mediterranean; it has been naturalized in California since colonial times (Panetsos & Baker, 1967) . The cultivated garden radish is also identified as R. sativus, and feral populations are thought to represent escapes from cultivation. R. sativus and its congener R. raphanistrum have been the focus of many greenhouse, field and experimental population biology and genetic studies of life history, floral and yield traits (Stanton, 1984a (Stanton, , 1985 (Stanton, , 1987a Marshall & Ellstrand, 1986; Mazer, 1987a,b) .
Wild radish is easy to raise under experimental conditions; its short life cycle (3-4 months from seed emergence to the production of ripe seed), large (Comstock & Robinson, 1948; Hallauer & Miranda, 1981; Becker, 1984) . This greenhouse generation will hereafter be referred to as the parental (or P1) by approximately 10 seeds in each density treatment; each paternal family was represented by about 40 seeds in each density. A total of 1800 F1 seeds were used.
In June 1989, seeds were sown in the irrigated experimental garden. The garden consisted of three blocks, each of which included a high-density, mediumdensity and low-density grid (or plot). The density plots were randomized within blocks. In the high-density plots, seeds were sown 5 cm apart; in the mediumdensity plots, seeds were sown 10 cm apart; in the lowdensity plots, seeds were sown 20 cm apart. One row of field-collected wild-radish seeds was planted around the perimeter of each plot (at the same planting density as the plot) to minimize edge effects.
Measurement of fife history and reproductive characters
In this study, we measured the following fitness-related traits: days to germination, days to flowering, petal area (petal length X petal width), ovule number, pollen production, and individual pollen-grain volume/flower.
Germination date and flowering date have been observed to be strongly correlated with adult plantsize, lifetime flower production and lifetime seed production in R. raphanistrum (Mazer, 1987a) . In R.
sativus, Young & Stanton (1990) found that flower size is strongly associated with pollinator visitation rates and pollen removal, and pollen production is correlated with pollen removal. We included ovule number/flower and individual pollen-grain volume because they serve as relative measures of the allocation of resources to female and male gametophytes at the level of individual flowers.
We recorded the germination date and flowering date for each member of the F1 generation. As each surviving plant flowered, we measured one flower per plant for petal area and ovule number; this flower had fully expanded petals. We sampled another flower for the pollen traits; this flower had not yet dehisced its pollen. The two flowers were adjacent to each other when possible.
Pollen-grain number and volume were measured using an Elzone Particle Data analyzer (Devlin, 1988) . Flowers were collected in the field, placed in covered Petri dishes, and brought to the laboratory, where the anthers were removed from each flower before they dehisced. All six anthers from each flower were stored in an open plastic-microcentrifuge tube to dry for approximately I week. This procedure promotes anther dehiscence. After drying, anthers were transferred to a glass vial containing a known quantity of 2% NaCI solution, sonicated for 1 mm to facilitate the release of pollen from the anthers, and analysed 18 h later. Using the Elzone particle-analyzer we determined the number of pollen grains and the frequency distribution of pollen-grain size (measured in cubic microns) in 0.5 ml aliquots of solution for each sample.
For each flower, we determined the total number of pollen grains/flower from the average pollen-count for three 0.5 ml aliquots, weighted by the known total volume of solution. We measured pollen size as the average of the modes of pollen volume obtained from the frequency distributions for the same three aliquots.
To detect significant effects of density on phenotype within each of the 15 paternal families, we used PROC GLM (SAS Institute Inc., 1987) to conduct separate twoway ANOVAS on the progeny of each paternal genotype. These ANOVAS partitioned within-genotype phenotypic variance into effects due to block, density (fixed effects), and the interaction between them. Petal area and ovule number were natural log-transformed prior to analysis; other characters were not transformed because their frequency distributions were unimodal, close to normal, and not improved by transformation procedures.
In addition, for germination date and flowering date, we detected significant effects of density on phenotype across all individuals by conducting a two-way ANOVA on the entire data set to partition variance into effects due to block, density (fixed effects), and the interaction between them. To determine whether natural selection favoured early or late germination (due to possible effects of germination date on survivorship), we compared the mean germinationdates of seeds that survived to flower and of seeds that did not survive in each density treatment.
Analysis of variance: parental effects, heritability estimates, and variance component estimates
The analysis of variance of the characters expressed in the F1 progeny produced by the nested design described above can detect significant additive genetic variance among the parental genotypes and provide estimates of narrow-sense and broad-sense heritabilities (Comstock & Robinson, 1948; Hallauer & Miranda, 1981; Becker, 1984) . The model for a single environment is:
jkP +mI+fV+pk +e,Jk where Y,k is the phenotype of the kth offspring of the ith pollen donor and the jth female, p is the population mean, m, is the effect of the ith father (pollen donor), f, is the effect of the jth maternal plant mated to (and nested within) the ith male, Pk is the plot (or replication) effect and ek is the experimental error. Significant paternal effects on progeny phenotype indicate significant additive genetic-variance among the paternal genotypes in the parental generation. This interpretation assumes that the differences among paternal means are due to the effects of paternally inherited nuclear genes, and not due to paternal environmental effects on progeny phenotype generated in the greenhouse (Young & Stanton, 1990) . In this experiment, as paternal genotypes were grown under uniform conditions, and as most of the traits observed in this study are expressed relatively late in ontogeny, the potential for the paternal environment to have a strong effect on progeny phenotype is relatively small. Significant maternal effects include additive genetic and non-additive genetic effects in addition to effects of the maternal environment on progeny phenotype.
We used SAS to detect significant parental effects on progeny phenotype and to estimate variance components. For each density treatment, we used PROC GLM to conduct three-way ANOVAS to partition variance into components due to block (fixed effect), paternal family (random effect) and maternal family nested within paternal effects, Type III sums of squares were used to detect significant effects (at the 0.05 level) of each class-variable independently of the others. We used PROC NESTED to estimate variance components for each trait expressed in each density. Maternal, paternal, error and total-phenotypic variance components were estimated and used to provide estimates of narrowsense and broad-sense heritabilities. Narrow-sense heritability was estimated as four times the paternalvariance component divided by the total phenotypicvariance component (Vp); broad-sense heritability was estimated as four times the maternal-variance component divided by i',.
Results

Density effects on survivorship
Planting density had a very strong effect on juvenile survivorship. Germination rates were high under all treatments (>89 per cent of all seeds germinated); however, juvenile mortality rose sharply with increasing density. In the high-density (H) plots, only 125 of the original 600 seeds survived to flower. In the Table 1 The means of the days-to-germination (germination date) for all seeds that germinated, for seeds that survived to adulthood, and for seeds that germinated but did not survive to adulthood. Within each sample, shared superscripts indicate that density treatments do not differ significantly with respect to mean germination date at the 0.05 level of significance, as determined by Tukey's test following a two-way ANOVA to detect the effects of block and density (and the interaction between them) on germination date across all genotypes. For each density treatment, the mean germination date of seeds that survived to flower was significantly earlier than the mean germination date of seeds that did not survive (see text) Amongst all seeds that germinated (total n 1655), germination occurred most rapidly in the H treatment (all densities differed significantly from one another; F value for Type III sum of squares = 56.46; P< 0.000 1 for the density effect on germination date) ( There was also a statistically significant effect of density on ovule number flower; H plots contained plants with relatively low levels of female gametophyte production/flower (S. J. Mazer & C. T. Schick, in review). Petal area and pollen production also declined with increasing density, but these declines were not statistically significant. These trends are consistent with the interpretation that H plots provide fewer of the resources necessary for the production of ovules and petals than L plots. There was almost no change in pollen-grain volume with density, suggesting that this trait does not strongly respond phenotypically to the changes in resource levels represented in these plots.
Effects of density on phenotype within paternal genotypes
In spite of the strong effects of density on phenotype for germination date, flowering date and ovule number/flower across pooled individuals, the quantitative and qualitative effects of density on phenotype are not consistent in strength or direction for all genotypes, but are strongly genotype-specific (Table 2 and Fig. 2 ).
Twelve paternal genotypes exhibited significant differences among density treatments with respect to mean germination-date. None of these 12, however, exhibited a significant acceleration of germination date between L and M; nine genotypes exhibited a significant acceleration of germination date between M and H. One genotype exhibited a significant delay in germination between L and M; none showed a significant delay between M and H.
Effects of density on flowering date were much weaker than the effects on germination date within paternal genotypes. Only three paternal families exhibited significant differences among densities for flowering-date means. None of these families exhibited significant differences between L and M densities; two exhibited a significant delay in flowering between M and H treatments. All three genotypes showed a significant delay in flowering between L and H.
Petal area differed significantly among densities within two paternal families, but the effects of density 14.31a± 12.20 (26) 9.85a 8.14 (13) 12.41a± 14.66(17) 77.15a± 26.43(20) 69.27a± 19.83 (12) 75.02a 23.42 (12) 7.10 1.89 (21) 642ab 1.44 (12) 5.33'± 1.07 (12) 113448a±51996 (18) 99450a±37668 (12) 93375a±27509 (12) 18.28a± 7.31 (25) 67.46a 14.92 (24) 5.63a± 1.66 (24) 80643a±31510(20) 4430a±412.9(20) (17) 4278 594.4(17) 2.22a±2.69 (23) 20.0O 8.23 (9) 53.17a± 5.66 (6) 6.OOa± 1.67(6) 117398a± 18509 (6) 4276a± 681.5 (6) 2.67a±2.57 (33) ll.lsb±9.63 (13) 76.24a± 16.40 (13) 5.77a± 1.36 (13) 119046a± 35366 (13) 4039a±372.3 (13) 3.14a± 2.75 (29) 16.08a± 15.55 (12) 80.14a± 22.16(11) 6.36a±0.67 (11) 80956a±40134 (9) 4276a 480.2(9) 3.00 3.57(42) 17.94a± 13.14(17) 71.48a± 15.91 (13) 5.71a± 1.59 (14) 82512a± 32951 (13) 4261a± 367.6 (13) l.8l± 1.95 (41) 22.07a±6.03 (14) 61.43a± 17.81 (11) 5.18a± 1.54 (11) 96399a±34499 (11) 4256a±455.9 (11) 3.31a±2.79 (39) 23.75b 9.60(4) 44.14a± 13.27 (3) 4.50a±0.71 (2) 63602a (1) 4570a (1) 95676a± 45686 (7) 4211a± 298.4 (7) 1.89a± 1.73 (37) 20.43a± 8.44 (7) 53.35a± 14.50 (5) s.ooa± 1.41 (4) 81734a± 28256(4) 5.86a± 1.35(7) 82111a± 33315 (7) 4255a 450.3 (7) l.l8b±O.73 (33) 19.OOa± 8.73(8) 61.41a± 19.87 (6) 5.ooa± 1.26(6) 86737a± 24894(6) 4260a± 311.5(6) 1.59a± 1,17 (44) 26.88a± 11.38 (8) 44.91a± 3.55 (3) 6.50a± 2.12(2) 104687a± 57493 (2) 3871a± 161.2(2) l.96"± 1.26(27) 43.OOa± 16.97 (2) 56.70 '± 11.29(2) 4.OOa (1) 107457a (1) 4249a (1 73.72a 10.55 (11) 73.6 la± 18.24 (9) 58.25a (1) 20 0.37 ns Even more striking than these quantitative differences among paternal genotypes with respect to mean phenotype, are the qualitative differences illustrated by the norms of reaction in Fig. 2 . For example, 12 paternal genotypes exhibit a qualitative increase in days-to-germination between L and M planting densities; three genotypes (1, 5, 11), however, show a qualitative decrease. In contrast, when comparing the phenotypic means of each genotype in the M and H treatments, all genotypes show a qualitative acceleration of germination. With respect to flowering date, eight genotypes (1, 2, 5, 6, 7, 8, 10, 14) show an acceleration in flowering between L and M plots; seven show a delay. In the transition between M and H, one genotype (15) exhibits qualitative (but non-significant) acceleration of flowering date. For each of these traits, and for each of the two transitions between treatments, there are many instances in which genotypes change rank, as indicated by crossing reaction norms.
The floral traits show similar qualitative differences among paternal genotypes. With respect to petal area, four families (8, 9, 10, 13) increased, and 11 families decreased between L and M treatments. Four different families increased (2, 3, 6, 12) and 11 families decreased in petal area between M and H. Ovule number/flower increased in six familes (5, 7, 9, 10, 14, 15) between L and M, but in only one family (11) between M and H. The number of pollen grains/flower increased between L and M in six families (4, 5, 6, 8, 10, 13) ; and in six families (1,6, 9, 10, 11, 12) between M and H. Finally, mean modal pollen-volume increased in eight families (3, 4, 5, 6, 9, 11, 12, 15) between L and M, and in three families (2, 14, 15) between M and H. have maximum values at medium density. The tendency for a genotype to show this pattern for one trait does not indicate that it will show this pattern for any other traits.
Density effects on the statistical significance of inter-genotypic variance and heritability estimates One way to detect a G XE interaction is to compare the magnitude of inter-genotypic variation in phenotype expressed in different growing conditions. Comparisons can be made in two ways. The first way is to compare planting densities with respect to the outcome of ANOVAS performed to detect significant paternal or maternal effects on progeny phenotype. Differences among densities in the statistical significance of the paternal effects indicate that the array of phenotypes expressed by the genotypes depends on the environment; that is, there is a significant G x E interaction. The second way is to compare heritability estimates among planting densities. Table 3 shows that estimates of narrow-sense differ significantly among treatments, but in no clear pattern. Six of the trait/density combinations are associated with narrow-sense h2 estimates which indicate that VA is significantly greater than zero; that is, the three-way nested ANOVA to detect maternal, paternal and block effects detected significant paternal Table 3 Narrow-sense and broad-sense heritability estimates were derived from paternal and maternal variance components. For narrow-sense heritability estimates, asterisks indicate estimates for which a nested analysis of variance (four maternal plants nested within each male) detected significant paternal effects on progeny phenotype, independently of maternal effects and density effects. For broad-sense heritability estimates, asterisks indicate values for which the ANOVA detected significant maternal effects on progeny phenotype, independently of paternal effects and density effects. Asterisks correspond to the significance levels of the paternal or maternal effects: *<0.05; **<0.01.Heritability estimates were considered to be zero when variance components were estimated to be negative numbers Density 
Discussion
In this study we measured the effects of planting density on the survivorship, phenotypic expression and norms of reaction of 15 paternal half-sib families with respect to several life-history and floral traits in an experimental garden population of Raphanus sativus. Density had significant effects on phenotypic means for both of the life-history traits measured, but the type of effect on germination date differed from that on flowering date. Germination was accelerated in the high-density treatments relative to medium and low densities, while flowering was delayed at high densities.
For floral traits, three of the four characters measured showed declines in value with increasing density, consistent with the interpretation that competitive effects reduce resource levels under high-density conditions.
Only one trait, however, (ovule number/flower) declined significantly. The effects of stress (highplanting density) on phenotypic population means appear to be trait-specific and perhaps unpredictable, with the exception that most of the floral traits showed declines in value with increasing stress.
The changes in mean phenotype with changes of density do not appear to be due to non-random mortality of genotypes in the different density treatments. Over all treatments, the differential mortality of both paternal and maternal genotypes was independent of planting density. Natural selection on germination date was not responsible for the subsequent mean differences in flowering date among densities. In all densities, selection favoured individuals that germinated early, and early germination is phenotypically cor- Changes in the magnitude of heritability estimates do not always correspond to the observed range of phenotypic differences among genotypes ( Fig. 2 and Table 3 ). For example, the narrow-sense heritability of flowering date is not significantly different from zero at high density (Table 3) , despite the fact that the range of observed genotype means is far greater in the highdensity treatment than in either of the other two planting densities (Fig. 2) . As h2 depends critically on Vi,, which cannot be deduced from inter-genotypic variance alone, there is no necessary correspondence between the magnitude of the differences between genotype means and estimates of heritability.
Interactions between half-sib genotypes and the environment (planting densities) were frequent. For every trait, large changes occurred both in the magnitude of genotypic differences and in the ranks of genotypes with respect to phenotypic means (Fig. 2) . In the only other study of G XE interactions involving density treatments in a natural plant-population (Shaw, 1986) , changes in the magnitude of inter-genotype variation and in the relative ranks of maternal genotypes of Salvia lyrata were observed between densities for leaf number.
If these results have general applicability to wild plant-populations, then the response to natural selection should, in many situations depend on local population-density. Density-specific evolutionary responses to selection could occur in two ways. First, differences in the expression of additive geneticvariance among densities could result in differences in the rate of evolutionary change. Secondly, selection could favour different genotypes at different densities if the phenotypic rank of genotypes changes with density while the relationship between phenotype and fitness remains constant. We interpret these results to indicate two possible scenarios for micro-evolution in plant populations. First, if consistent differences in density characterize populations on a large geographic scale, then the intensity and response to selection may differ among populations, possibly partly accounting for evolutionary divergence. Secondly, if density commonly differs among stands within populations, then micro-evolution at the population level will be constrained or slowed, and genetic variance should be maintained even under strong selection because of changes in genotypic ranks among stands.
The norms of reaction in Fig. 2 indicate the presence of genetic variation in phenotypic plasticity.
For each trait there are paternal half-sib genotypes which exhibit large changes in phenotype with changes in density, indicating high plasticity, and genotypes which remain relatively stable in phenotype across densities, indicating low plasticity. The direction of change in phenotypic expression also commonly differs among genotypes. The conclusion is that phenotypic plasticity in each of these traits is itself a character amenable to change by natural selection in this population of Raphanus sativus. Similar results have been obtained for annual species of Phlox (Schlichting, 1986) and Arabadopsis (Westerman & Lawrence, 1970; Westerman, 197 la,b,c) .
We have demonstrated that mean phenotype and inter-genotypic variation for life history and floral traits are highly sensitive to planting density in R. sativus from Santa Barbara, California. If this is a common pattern in wild-plant species then predictions of the response to selection will only be accurate if estimates of h2 are determined for commonly occurring environmental states experienced by the species in nature. These changes in the relationship between genotype and phenotype are due primarily to the plastic responses of genotypes across environments, and these responses are not consistent among traits. What is consistent among all traits however, is the presence of genetic variation in phenotypic plasticity. Because we did not measure reproductive output in this study, we cannot deduce whether phenotypic plasticity among these genotypes is an example of developmental flexibility (phenotypic change associated with enhanced mean fitness across environments) or developmental instability (associated with lower meanfitness) (Westerman & Lawrence, 1970) . This is one goal of future studies.
